
1.13 Oil with an absolute viscosity of 0.16 N.s/t$ and a densip of 925 kg/& is flowing in a 2POmrndjmtefer 
pipe at 0.50 L/s. How much power is Imf per meter of pipe iength? 

SI 
Eq. 4.7: V = $(0 .00050} / (nO.~)  = 0.01592 rnls 

Eq. 8 , l :  R = [0.20(0.015 92)925YO016 = 18-40, flow is laminar. Eq. 8.29: f = 64118.40 

Eq. 8.14 : h,/L = (~18.40)(1/0.20)0.015 922/[2(9.8 111 = 0.m 17% meter per meter 

Eq. 5.41: Power loss = (925 x 9.8 1)(lr0.10d)0.015 92(0.000 1796) = 0.000 815 watts per meter 4 



8.14 Water at 50°F enters a pipe with a uniform velm-ty of U = 14fps. lo) Wiar is the distance at which lk 
transition occurs from a laminar ro a rurbuletu boundary layer ? (b) the thichess of this inirial lamina 
boundary Gayer is given by 4.91Mu from Eq. 9.10), whnl is its ih ihes s  IU (he pvi~r; qf t m i t i o n ?  

BG 
Table A. 1 for water at 50°F: v = 1.410 x 10" ft3lsec 

(a) Sec. 8.10: At transition point (turbulent boundary layer begins): For R, = 500,000 = Ux/v 



16 In a 36-indiameter pipe velocifies ar@ measured as 18.5 fps at r = 0 nnd 18.0 fps at r = 4.0 in. 
L Approximately whal is the pow rate? 
BG 

Eq. 8.40: 18.0 = 18.5 - 5.76rr,log[18/(18 - 4.011 from which u, = 0.795 fps 

Eq. 8.37: 0.795 = u, = ~ m .  ~ h u s  f = 2.251V (1) 

Eq, 8.43; v18.5 = 1/(1 + 1.326fln) (2) 

18.5 2 25 Eliminating fbetween (1) and (2): - = 1 * 1.326: , from which V = 15.52 fps (so f = 0.0579) v v 
Eq. 4.7: Q = AV = (~/4)(34/12)~15.52 = 109.7 cfs 4 



8.18 Wder at d0 "C flows in a 15-mm-diameter copper tube (e = 0.0015 mm) at 0.06 L/s. Find the head loss 
per 10 m, using Eq. (8.29) or (8.52) fo)7mif: What is the cenlerline velocity, and what is t h  value 016, 

SI 
Table A. 1 : At Wac.  v = 0.474 x m2/s 

44 - 4@'06 ''9 = 0.340 m/s Eq. 4.7: V = Q/A = - - 
,602 R(O.OI!Ty 

O - Q a J  = 0,000 100 Eq. 8.1 : R = = 0'015(0'340) = 10 740 (flow is turbulent) ; - = - 
v 0.474 x D 15 

10 0.346 Eq. 8.52: f = 0.0304; Eq. 8.13: h, = 0.031-- = 0.1191 rn 4 
(0.015) 2(9.81) 




